Abstract: Calculating a sample unit × trait matrix provides a flexible first step in analyzing the 11 relationships between species traits and explanatory variables. This matrix is obtained by multiplying a 12 sample unit × species matrix by a species × trait matrix, but the content of the resulting matrix depends on 13 whether and how traits are standardized and whether or not the multiplication is followed by a weighted 14 averaging step. To maximize versatility of the SU × trait matrix, including comparability among traits, 15 and usability with a wide range of distance measures, we recommend first standardizing traits by min-to-16 max, then calculating abundance-weighted trait averages in each sample unit.
Introduction

23
Linking species traits to the effects of environmental gradients, disturbances, and experimental 24 treatments on ecological communities is a common goal in ecology. This goal can be formulated as 25 understanding the relationships between three matrices: (1) a community matrix of sample units (SUs) × 26 species (or taxa in general), (2) an explanatory matrix of SUs × environmental variables, disturbances 27 measures, or experimental-design variables, and (3) a species × trait matrix containing values that 28 represent one or more ecological traits of the species. Because three matrices are involved, many 29 methodological choices must be made. The purpose of this paper is not to review those but to summarize 30 a simple, effective preliminary step that can position the analyst to directly answer questions concerning 31 those relationships. 32 The species × trait matrix itself is of considerable interest and worthy of analysis, for studying 33 relationships among species, among traits, or both. Quite often, however, we focus on the relationship of 34 this matrix to other matrices -primarily variation in communities in relation to environmental gradients 35 or experimental factors. This can be done with univariate or bivariate analyses, or it can be done as 36 multivariate analyses, considering multiple dependent variables simultaneously. My goal here is not to review the general approaches to the problem, but rather to focus on 54 alternative ways to derive the SU × trait matrix. Derivation of this matrix is a critical step for analysts 55 and, although it is a simple one, I have seen through teaching that it is often a point of confusion. Multiply A by S to obtain the SU × trait matrix, T = AS (T = n SU × q traits). require that new measurements also receive the same standardization as the old-using the same 121 relativization standard (e.g., the trait mean and standard deviation from the original data set).
122
Two simple and effective standardizations are to rescale by min-to-max (0 = minimum to 1 = 123 maximum) or by standard deviates, such that each trait has a mean = 0 and standard deviation = 1. 124 Rescaling trait k for each species j in the S matrix (s jk ) by min-to-max is done by: by the total abundance of species, not p, the number of terms in the summation. The latter would make the 156 average sensitive to the number of absent species and would not be a weighted average.
157
Using the abundance-weighted average, rather than the total, makes matrix T more interpretable, Example of weighted averaging with traits standardized by min to max: To maximize versatility of the SU × trait matrix, including comparability among traits, and 216 usability with a wide range of distance measures, we recommend first standardizing traits by min-to-max, 217 then calculating abundance-weighted trait averages in each sample unit. This is "matrix type 5" in Table 1 218 and Figure 2 . This is only a general recommendation; other formulations may be appropriate for specific 219 needs. 
